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==========================

*T*here are numerous markers of ovarian reserve, which are used to prognosticate the chances of success with assisted reproductive techniques (ART), namely, serum follicle-stimulating hormone, oestradiol, inhibin B, anti-mullerian hormone (AMH), biophysical tests such as ovarian volume and peak stromal blood flow velocity and antral follicle count (AFC); all the markers apart from the AFC provide an indirect measurement of the cohort of antral follicles, which are the resting pool of the follicles ready to be recruited.\[[@ref1]\]

AMH, a glycoprotein and a member of the transforming growth factor β family, is produced by the pre-antral and the small antral follicles in the ovary, is involved in folliculogenesis and supposed to reflect the number of primordial follicles\[[@ref2][@ref3][@ref4]\] and also has good correlation with female age, AFC and ART outcome.\[[@ref1][@ref5][@ref6][@ref7]\] Therefore, it is regarded as the most precise biomarker of ovarian ageing and reserve.\[[@ref3][@ref8][@ref9]\]

Current ovarian stimulation protocols during in-vitro fertilisation (IVF) treatments aim to individualise the protocols based on the women's AMH level.\[[@ref10][@ref11][@ref12]\]

There is good evidence regarding the positive correlation of AMH with egg reserve and oocyte yield following ovarian stimulation, both in cases of poor response and hyper-response.\[[@ref3][@ref9][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23]\] However, there are conflicting reports regarding the association between AMH and clinical pregnancy.\[[@ref24]\] Certain studies\[[@ref25][@ref26][@ref27][@ref28][@ref29]\] have reported a positive association between AMH and clinical pregnancy, whereas other studies have refuted it.\[[@ref13][@ref30]\] A meta-analysis from 2013 demonstrated a weak association between AMH and clinical pregnancy.\[[@ref15]\] There is conflicting evidence regarding the relationship between AMH, independent of age, and live birth (LB) as well; a few studies showed a positive association,\[[@ref28][@ref31][@ref32]\] and others found no association.\[[@ref33][@ref34][@ref35][@ref36]\] A recent meta-analysis by Iliodromiti *et al*.\[[@ref24]\] showed that AMH has a weak predictive value for LB in IVF. It is proposed that because AMH value reflects the size of the cohort of antral follicles, and not the quality of the oocytes, its predictive value of LB is weak.\[[@ref1]\] The variation in the findings of the aforementioned studies could partly be explained by the diverse methodology of AMH testing and partly by the differences in study design, diverse patient populations and different stimulation protocols, which do not allow featuring the association between AMH and oocyte quality.\[[@ref9][@ref12]\]

One of the various technical limitations of comparing AMH levels in the different studies includes the numerous available forms of AMH assays. The original research assays were the Diagnostics Systems Lab (DSL) and Immunotech Beckman Coulter (IBC) assays, which use two different antibodies for AMH, with IBC assays yielding values higher than the other one.\[[@ref4][@ref37]\] Currently, Beckman Coulter has purchased the patents for all previous versions and established the AMH generation II assay,\[[@ref10]\] which combines the cross-species DSL antibodies to the Immunotech ones,\[[@ref37]\] but the AMH levels by the generation II assay were significantly lower than the DSL assay.\[[@ref9][@ref24]\] Nonetheless, when results from different laboratories using the same Beckman Gen II assay were compared, there was 40% variation in the AMH results.\[[@ref12]\] Recently, a new AMH enzyme-linked immunosorbent assay has been developed, which is utilising different antibodies. In addition, inappropriate storage and sample handling can cause a dramatic rise in the AMH levels.\[[@ref4][@ref9][@ref37]\]

In light of the heterogeneity in the results of the studies linking AMH level and the outcome of ART, we aimed to evaluate if AMH level, independent of age, in an unselected population, is a prognostic marker of LB following IVF treatment, wherein standard gonadotrophin-releasing hormone agonist and antagonist protocols are used, preceded by AMH test using a uniform standardised AMH assay.

Materials and Methods {#sec2-1}
---------------------

All the fresh IVF/intracytoplasmic sperm injection (ICSI) cycles from January to June 2013 in a tertiary-assisted conception unit were retrospectively analysed and recorded from the electronic database and patient records.

AMH assay in this period was performed using the Beckman Coulter Generation II assay for all women. All the treatments used the down-regulation or antagonist protocols.

The data regarding the women's age, AMH level, IVF/ICSI treatment, the factors of infertility, treatment protocols and IVF outcomes were compared using Mann--Whitney test or chi-squared test as suitable in the groups with and without LBs. Median AMH levels in the four age groups (group 1: 23--29 years, group 2: 30--34 years, group 3: 35--39 years and group 4: 40--45 years) were compared by Kruskal--Wallis test, and chi-squared test was performed to note any significant differences in the live birth rates (LBRs) across the groups. We also compared the AMH levels of women who had a LB versus that in women who were not successful in the four age groups. At the same time, we also looked at possible differences in IVF versus ICSI, the factors of infertility and treatment protocols in the different groups.

Multinomial logistic regression analysis was performed to evaluate the influence of age and AMH in predicting LB, following age and AMH stratification. AMH levels were categorised into five groups, namely, group 5: 0--5 pmol/l, group 4: \>5--10 pmol/l, group 3: \>10--20 pmol/l, group 2: \>20--30 pmol/l and group 1: \>30 pmol/l.

LBRs in women with the lowest AMH level (group 5) were separately analysed across the age groups.

Results {#sec2-2}
-------

In this period, there were 226 fresh and frozen cycles, out of which 203 were fresh, and 23 were frozen embryo transfer (FET) cycles. Three of the 203 fresh cycles had all embryos frozen for ovarian hyperstimulation syndrome. A total of 151 women went through the 1^st^ IVF cycle, of which 136 cycles were fresh and 15 were FET; 61 women went through the 2^nd^ cycle, of which 53 cycles were fresh and eight were FET and 14 women in this period went through the 3^rd^ IVF cycle, wherein all the cycles were fresh. The FET and the freeze all cycles were excluded from this analysis. Out of the 226 total fresh and frozen cycles, 200 fresh cycles (88.5%) had embryo transfers and were included in this analysis. All the 200 cycles had known outcomes of pregnancy/LB and had recent AMH levels estimated. 200 cycles with known AMH levels that were analysed in this time period resulted in 78 clinical pregnancies with a clinical pregnancy rate (CPR) of 39%, three ectopics, eight miscarriages and 67 LBs, with a LBR of 33.5%.

[Table 1](#T1){ref-type="table"} describes the significant differences in median AMH value and LBRs across the age groups. [Figure 1](#F1){ref-type="fig"} demonstrates the median AMH level in the groups with and without LBs according to age stratification.

###### 

Comparison of the median AMH levels and live birth rates across the age groups
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![Comparison of AMH levels in women with and without live births in different age groups. The median AMH levels in the groups with and without live births according to age stratification](JHRS-10-24-g002){#F1}

[Table 2](#T2){ref-type="table"} shows that there were no significant differences in median age (35 years versus 37 years) between the groups with (group A) or without (group B) LBs. The median AMH level in group A was significantly higher than that in group B (18.7 versus 9.1 pmol/l). There were also no significant differences in the IVF versus ICSI treatments, factors responsible for infertility (*P* = 0.06) or in the treatment protocols used (*P* = 0.43) between the groups. There were 58 cycles using the long down-regulation protocol, 17 of which resulted in LBs, as opposed to 142 cycles using the gonadotrophin-releasing hormone antagonist protocol, of which 50 resulted in LBs. Chi-squared test showed that differences in the protocol did not make any significant differences to the LBRs (*P* = 0.43).

###### 

Comparison of the median age, AMH levels and the types of treatments between the groups with and without live births
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[Table 3](#T3){ref-type="table"} shows the comparison of median AMH levels between the groups with and without LBs across the four age groups. When controlling for age, there were no significant differences in the factors of sub-fertility, IVF/ICSI treatment or protocols within the individual age groups and between the groups with and without LB. In the age groups 1 and 2, there was no significant difference in the median AMH level between the groups with or without LB. In the age group 3, the median AMH level in the group with LB was significantly higher than that in the group without LB (14.1 versus 7.2 pmol/l). In the age group 4, the group with LB had a higher median AMH level (19.5 versus 4.7 pmol/l) compared to the group without LB, albeit there was no statistical significance.

###### 

Comparison of the median AMH levels in the groups with and without LB, within the age groups
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Evaluating the effect of AMH alone on LB, Pearson's correlation analysis was performed, and it showed a correlation co-efficient of r = 0.23, indicating a modest positive effect of AMH alone on LB. Proceeding to multinomial logistic regression analysis using age and AMH level, the odds of having a LB was found to be significantly higher in the younger three age groups \[odds ratio (OR) 22, 95% confidence interval (CI) 2.9--166.8; 3.7, 95% CI 0.96--14.3 and 4.8, 95% CI 1.3--17.5 in the age groups 1, 2 and 3, respectively\] when compared to the age group 4. Controlling for age, AMH level \>20 pmol/l was significantly associated with increased odds of having a LB (OR 5.1, 95% CI 1.6--16.3 in AMH group 2 and OR 2.9, 95% CI 1.02--8.5 in AMH group 1).

11/18 women in the age group 3 with AMH level \>20 pmol/l had LB (LBR 61.1%), and 1/4 of the women in the age group 4 with AMH level \>20 pmol/l had LB, that is, LBRs (LBR 25%) way higher than the average LB in those age groups (LBRs 34.3 and 10%, respectively). 55% of these women had ultrasound features of polycystic ovaries (PCO) but were not diagnosed as having polycystic ovarian syndrome (PCOS).

[Table 4](#T4){ref-type="table"} shows the LBRs in women in the lowest AMH group (group 5) across all the age groups. It shows that LBR in women with AMH level 0--5 pmol/l in the age group 2 was comparable to the general LBR in this age group (36.4 % versus 35.1%; *P* = 0.9), and that in the age group 3, LBR was slightly lower than the general LBR in that age group (22.6% versus 34.3%; *P* = 0.09).

###### 

LBRs in women in the lowest AMH group across the age groups
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D[ISCUSSION]{.smallcaps} {#sec1-2}
========================

This retrospective study aimed to evaluate if AMH level, independent of age, is a predictor of LB following ART, and took into consideration other potential confounders of the outcome of IVF such as factors for infertility, the types of treatment, that is, IVF or ICSI, and the protocols used for IVF. The major limitations identified in a recent meta-analysis, which were also identified in other similar studies evaluating AMH as a predictor of clinical pregnancy and implantation following ART,\[[@ref9]\] were publication bias of the studies, different studies using different thresholds of AMH level and, above all, variability of the various AMH assays used in the different studies. The main strength of this analysis is that it was performed using data from an unselected patient population, wherein the current standard protocols of IVF were used along with a uniform validated AMH assay.

This study demonstrates, as expected, that there is a negative correlation between age and LB, as well as between age and AMH. In this analysis, the AMH levels and LBRs diminished remarkably from 40 years onwards. The odds of a LB in the age group of 23--39 years were significantly higher compared to that in the age group of 40--45 years.

Even though there was generally a modest positive correlation between AMH and LB, AMH per se had little influence in predicting LB in younger women under the age of 35 years, as shown in [Table 3](#T3){ref-type="table"}. This can be explained because younger women have generally oocytes of better quality that are associated with LBs, despite having low AMH level.

Median AMH level was higher in women with LBs in the age group above 35 years, in comparison to their peers without LB, although not reaching statistical significance in the 40--45 years group, because of the small numbers involved. When controlling for age, we found that higher AMH level (\>20 pmol/l) was associated with significantly higher LBRs in older women. From our data, it suggests that AMH value over 20 pmol/l (Beckman Coulter Generation II assay) is a predictor of LB in women above the age of 35 years. It is possible that the AMH threshold level of 20 pmol/l predicting LB is related to the larger cohort of antral follicles in these women or higher AMH level being associated with better quality oocytes in comparison to other women in the same age group.

On the other hand, from these data, women under 40 years even with the lowest level of AMH (0--5 pmol/l) had good chances of having a LB, which was comparable to the rest of their peers in the 30--34-year-old group and was slightly diminished than the LBR in the rest of the 35--39-year-old population.

When comparing with previous studies, this study is in keeping with previous studies,\[[@ref1][@ref24][@ref38]\] suggesting that LBR in IVF treatment diminishes with advancing age, with a sharp decline from the age of 40 years. AMH levels also negatively correlated with female age, as already known.\[[@ref1][@ref24][@ref38]\] This is expected, because AMH represents the pool of oocytes remaining in the ovary,\[[@ref4]\] and in a recent American Society of Reproductive Medicine (ASRM) committee opinion, it was concluded that AMH is a useful tool to predict ovarian reserve in the general IVF population, as well as for women at a risk of diminished ovarian reserve.\[[@ref39]\] Indeed, AMH is undetectable in assays roughly 5 years prior to menopause,\[[@ref37][@ref40]\] and it is strikingly precise in predicting the onset of menopause.\[[@ref41][@ref42]\]

Our study showed that AMH on its own, independent of age, has limited predictive value for clinical pregnancy or LB in IVF, which is similar to a few reported studies.\[[@ref29][@ref43]\] Wang *et al*.\[[@ref29]\] had shown that AMH and ART outcome are influenced by age, which is markedly different in the margins of reproductive age. We found that AMH level better predicts LB following IVF in older women and has limited predictive value in women \<35 years. On the contrary, Brodin *et al*.\[[@ref44]\] have found that AMH following controlling for age and number of oocytes has a strong association with pregnancy and LB. Some have explained the association between AMH and LB by the availability of greater number of oocytes and embryos, that is, the quantitative aspect, and not better egg or embryo quality,\[[@ref45]\] whereas others have found a qualitative link between AMH and egg or embryo quality.\[[@ref46][@ref47]\] In a recent meta-analysis,\[[@ref9]\] it was found that AMH had a weak association with CPRs in ART, but had considerable predictive accuracy in poor ovarian reserve cases. Similarly, Iliodromiti *et al*.\[[@ref24]\] have found in their meta-analysis of 6306 women that AMH has some role in predicting LB after IVF, but the predictive accuracy is poor (OR 2.48), but a better (OR 4.63), still small predictive effect in women with low ovarian reserve.

Previous researchers have propounded that age-dependent predictability of AMH is possibly related to the age-related decline in oocyte quality and quantity.\[[@ref48]\] It has been proposed that in younger women, the cohort of oocytes are genetically competent and of good quality, and hence, their ovarian reserve is not the limiting factor in dictating LB in IVF treatment. On the contrary, in older women with diminishing ovarian reserve, good quality eggs constitute a small proportion of their oocytes. Resultantly, a greater ovarian reserve reflected by a higher AMH level would enable a good oocyte yield to select the best eggs and embryos to improve the chances of LB in IVF.

There is robust evidence to confirm that PCOS is associated with a significantly high-serum AMH value, and several studies are suggesting diagnostic values of AMH to be set for PCOS.\[[@ref12]\] Women with clinical symptoms of PCOS are known to have adverse outcomes to ART, including compromised oocyte quality, despite having a good number of follicles, poor quality of embryos and higher miscarriage rates.\[[@ref7]\] On the contrary, women with morphological features of PCO in ultrasound scan (USS) but no evidence of clinical PCOS are known to have higher number of oocytes, embryos and higher cumulative pregnancy rates, but similar miscarriage rates suggesting comparable oocyte quality in comparison to women with normal ovaries having IVF.\[[@ref7][@ref49][@ref50]\] It has been proposed that the higher density of primary follicles in PCO suggests that these women were born with larger ovarian reserve,\[[@ref7][@ref51]\] which has an accelerated entry into the early growing stages, followed by a slower growth through the pre-antral stages. In our experience, the women over 35 years of age with an AMH level higher than 20 pmol/l had significantly higher LBRs in comparison to the average LB rates for their age groups. More than half of these women were found to have morphological features of PCO on USS only, but were not diagnosed with PCOS. Recently, a consensus opinion from ASRM and European Society of Human Reproduction and Endocrinology (ESHRE) stated that 'ovarian reserve testing has moderate accuracy in predicting quantitative responses but low accuracy for qualitative predictions, unless very high thresholds are used'.\[[@ref39]\]

Accepting the inherent limitation of a retrospective study, we admit that we have not been able to control for all possible potential confounding factors known to influence LB in IVF such as genetic integrity of sperm and eggs, embryo quality and endometrial receptivity.\[[@ref52]\] This study showed that AMH on its own had limited predictive value for determining LB after IVF; it was not found to be the IVF outcome defining factor in younger women, but it was of importance in the population above 35 years. When controlling for age, we found that older women with significantly higher AMH level had significantly higher LBR than the same-aged women with low AMH level. Thus AMH does have a role in counselling women when predicting live birth from IVF, although age of women plays a major role in determining success from IVF treatment.
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